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(54) CnOCOB W3rOTOBJlEHtffl rOOPHPO- 
BAHHOrO CTAJlbHOrO nJlACTblPfl 
(57) CytuwocTb M3o6pereHti9: TepMoo6ps6oT«y 
nnacTupa TOKaww bwcoko* mactotbi ocymecr- 
bh«k)t nocne ro4>pMpoB3Hw». a cm33ommum 
c/ioA HaHOCflT noaTOpHO noc/ie ox/ia>*AeNna. 
npe^araeMbiPi cnocoS n03eo*aeT aa c«eT no* 
BMUienwR n/iacrviMMbJX cbowCtb MeTan/ia na- 
Aexcno oeecnennTb repMeTnaauwK) 
peMOHtupyeMOroyMacTKacKBa^MW. 1 136/1. 



Haoeperenwe othocwtcp k o6pa6oTice mc* 
T£wi/ia AaBnGHv<eM, b MacTHOCT* k TexHonornw 
MsroToa/ieHns ro<t>pMpoBanHbix rpyS. 

Ochobmwmvi on«pauM«MM b TexHonornse- 
ckom npouecce MsrOToeneHw* tohkoctchhmx 
.rcxt>pMpo&aMHWX Tpy6 »B/iAetc« xonoAnaw Ae- 
4>opManua, inanpuMep BonoMenwe m npoxa-nca 
tpyb. xMMM^eCKaR o5pa6oTica. tepMM4ecicaR 
o6pa50TKa ch*tw» oct3to^kwx Hanpaxe- 
hw*< BOSHwicaioiitwx » pe3y/ibrate Ae4>opMa- 
uviw n npo^vi/iupOBaHM* mctoaom HatcaTXW. 

W3eect3H cnoco6 u3roroa/ieMu* rpyG c 
npoAonbH^MW rcxfrpaMU nyreM AayxaTannoro 
(j>opMOBaHwn Tpy6bi-3aroTOBKw. npw^eM Ha 
nepBOM amne ee ro^pwpyiOT paAwanbMUMvi 
yCMnwwMM. a Ha btopom 3Tane o6^m3»ot b 

npo^vi/tMpooaHHOM BOAOKe. 

O^HaKO BO3HviK:ai0iuMG b peay/ibtare 

C/IOWHOfl A^4>OpMaiAHt1 OCT3TQSHWe nanpn>xe- 

hmr He AOCraTOHHOH nonepe^HOft npoM- 

NOCTW. Mt?TanA CT3HOBMTC* XpyniCMM M 



HenpnroAeH b KanecTBe .i/iacTbip* npn pernon- 

TB 06caAH0ft KO/IOHHW 8 CKBaX*H«J. 

CH«TWfl OCTatOSHblX Hanpp*eHM«4 Tpy- 
6b»noABcpraiOTTepMMMecKOft o6pa6oTKe - ot- 
*cwry b nenax Twna nCO-06 r ZO-OV * 
nonyneHMfl Ha Tpy6ax oicmcmoP» nnen^n. bw 
nonHflOtuevi 4>yHKm*u noAMasoMHoro noKpu- 
tm» m oCnoAaiomeG aoct3tomhow 
nopwCTOCTbK) v\ aACOp6t;nOHHOi?i cnoco6wo- 

CTbK) K CMB3<e. 

HaBecreH Taioxe cnoco6 x npw kotopom 
TOHxocTeHHbte npo<J>w/ibHbie TpyOw npaem 
pacni)KeHMeM wpa3A3^e« c narpeBow Ma 3neic- 
TpoTepMWMecicoM o6opyAoeeKMM. CnaMona 3a- 
rorOBicy Tpy6w HerpeBaiOT roKawn 
COnpOTHBAOHM« a<> TQMnepaTypb* 0T*ur3. a 
sareM noc^e oxnaxAeHM» pa3Aa»or op* homo 
uiw icoHWMecKOH onpaBKn. 

HeAOOraroK cnoco6a 3ax/ixDMaeTCP ft tom. 
nronpn nanoKeHiivi nnacTbiprt 1^3 H60Tox<)«en- 
hwx TpyO 5-»o^gt iipOMCxoflwTb paspue no 
npCK{>u/ibHoa oOpa^yKDmev 1 !. 5 npw Kano*ew" 
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n/>acTupa n3 oTo**enHwx ipy& c nocneayKr 
u4mm ro4>pwpoeaMMeMMO>KCT r.poticxOA"Tb 06- 
pa3oeaH^e.MW»cpoipemMH bo BnaA^nax w na 
ewcrynax opOAO/ibHwx ro<J>p npn AC<t>opMaunn 
mx ao uMAHHAPM4ecK0M (|>opMbt. kotab ee fl/lOT* 
ho npvDKMMam (HaxaThiBaioi) AopH*py>ome* 
ronOBxo* * QMyTpeHHe^ noBepxnoctn o6cba- 
ho* ko/iohhw. B pe3y/itT3Te ne o6ecnemiaa- 
eYc* Hau£*HOCTb repMerw aauwu wa-aa 
HM3KOW n/taciMMHOCTn MeTanna rocfcpwpoeaH- 
HOro nnacxupH. 

UenbK> n306peTehn« wBnAeTCA noebiwe- 
H*ie H3Ae>KH0CTM repMeivi33unvi o6ca*eHHOrt 
ckb3>kmhu nyieM noBb<iueHM« nnacTw^Hoc™ 
MeTanna nnacrbipa. 

CyiUHoctb M3o6peTGHuip lax/iK^aeTca b 

TQM, HTO TepMO06pa6OTKy T0K3MH BbJCOKOW Ma- 

ctotw ocymeCTB/ia»OT nocne ro<t>pwpooaHnfl, a 
• 3aTeM noBTopHO HaHOCflT CMaaoMHbi^ cnoti. 

B peaynbrare 3H3KonepeMeHHbix ae<l>op- 
MauHA, KoropbiM noAoepraeicfl MeTanna ipy6 
npw ro^p^poeaHWii kax b npouecce toroToe- 
/tCMMfl nnacYtJpetf. tbk m npw pa3Aa^e b npo- 
uecce yciaMOBioi b cKBaxuHax. npoucxoA^T 
3naMMTenbMQe ynponneHne MeTanna, npwneM 
Haw6onbtuue 3waMeHWB ynpOMHenviui npwxoA- 
juca Ka BnaAHHW ro^pupoeaHHUx rpy6. 

M3MeHeMwe TaepAOcru (Hv) CTanw MapKM 
10 npw TepM005pa6oTKG, ro<t>puipoeaHMu n 
paaAane rinaCTbtpa noxa3ano b Ta6nwue. 

IA3 Ta6nvmu bmaho. sTOTeepAOCTb MeTan- 
na nnacTb»p» nocne pa3Maw Q o6caAHOft Tpy- 
6e AOciwaeT Haw6onboiMx 3HaMeHwfc. ecnw 
n/iacTwpb waroTaenwBanca "3 H6TepMOo6pa- 
6oTaHHOii Tpy6w. flpn uaroTOBneHUW nnaciw 
pew U3 npeAeapv^re/ibHO TepMoo6pa6oTanHbix 
Kpyr/itjx Tpy6 opu rocJ)p"pOBaHi>m reepAOCTb 
MecKOfibKocHvixaeTCfl nocpaBHenntoc werep- 
MOo6pa5oT3HHbiMn saroTOBxaMW ho nocne 
pa3Aa^^ TsepAocTb BoapacTaer homtm ao toi/i 

3KB BenWMMHW; MTO U 663 T€pM006pa60TKM- Do- 

cne repMunecKOfl o6pa5oTKn ro(J>pvipOBaHHbix 
ipy6 c MarpesoM ToxaM* bwcokom Macxcnu 
TBepAOCTb mx CMwwaeTca 3HannTenbHO» a no- 
cne pa3A*MM ona MeMbiue. mom y neTepMOo6- 
pa6oTaHHwx. 

B oTnwuwe or neMnoro wnw ra3QBoro Ha- 
rpeea npn o6pa5oTKe aaroToaxn ToxaMW bwco- 
ko* sacTOTu npowcxoAHT He3naHnTenbHoe 
M3MeneHv4e 4>opww ee npoc$>vwia. Ha noeepxHo- 
ctw -rpy6w 66pa3ye7Cfl tohkh* enow oKanwnbi, 
KOTOpuH He orcnaMeaerca b ripouecce Ae4>op~ 
Maunn - pa3AaHM. CMaaoHHww enow HanocMT- 

CP Ha BHyTpBHMfOK) noBepxHOCTb 
oTo^eHHbix npoAonbHo-ro<t>p^poBaHHbix 
Tpy6 nocne uxoxnaWHws. Oh npeAOxpan«eT 
BH/rpeHHiOK) noeepxMOCTb ot KOppoanonworo 
pa3pyuieHui» e ^po^ecce 3KcnnyaTauww m chvi- 
»ceHnn occowx ycwn^M b npouecce pd3Aaw 
nnaCTbtpei^ 



R p m m e p Anw peMOHta o6caA"OH ko- 
noH«M a^«mgtpom 146 mm c Tonm^HO* ere**** 
8 mm nnacrwpb M3roT38nnRaKDT H3 TOMKOCTen- 
hom Tpy6bi n^aMeTpOM 130 mm c TonuiwnoA 
5 cTeHKn 3 mm n3 CTanw MapKH 10. flnwHa Tpy6bi 
9-11,5 m. 

Ha BHyTpeHMK)K> noaepxHOCTb rpydw na- 
hocpt cnovi rpa<J)HTOBOw Mnvi Apyrow CMa3KW. 
npeAHa3H3MCHHOwi An« chmjkchmh ycunnPi ro<p~ 
10 pwpoeaHwfl. ro^pMpoaaHwe uvinnHApn^ecKo^ 
rpy&b* npon3BOA*Y na cneu^anbHOH ycTanos- 
xe Mepe3 ponnKOByio ronOBKy c BnyTpeHHe^ 
npo<$HinbHoa onpaBKOM. rionyMaetcn npOAonb- 
HO-ro<})pvipOBaHHan rpy6a c napy>KHwM A^a- 
15 MBTpOM 116 mm n HucnoM ro^p 6 wsnvi 8. 3aieM 
npow3BOAn"rcp pnxTOBica ro<})piipoBaHH0MTpy- 
Gbi nocne OTpeaxn ee na 3aAaHHyio A^^^y* 

3aTeM npon3eoA^TCR TepMMMecxaR o6pa- 
6oT^.a npOAonbHo-ro<>pMpooaHHOM rpy6w - 
20 HopManvisauM» c narpeaoM tok3mm bwcokoC* 
MacTOTbi Ha yciatioaxe BMI" 30/6. Hpu 3tom 
npoAonbHO-ro^pvipOBaHHafl TpyOa ycraHaa- 
nMsaeicn ropM3omanbMO na ponnKOBbix ono- 
pax n c onpeAenenno^ cxopocrbK) 
25 npoAB^^excfl sepe3 whayktop. 

OxnattAenne rpy6bi npon380A^Tc» na 
ao3Ayxe. CMa3xa. kOTOpan 6wna nanecena ne- 
peA ro4>pnpoaaHneM. awropaeT. 

Tax xax a cxoa>KMHe npn ycTBHOBKC nna- 
30 CTbipa b ^HTepBane peMOHTa npo*3eOAKTC* 
pa3Aa^a nnactbipn AO xpyrnovH 4>opMbi m npw- 
jkbtwir k cieHKe o6caAHOwi TpyGw. to npw 3tom 
B03HMxa»OT 6oiibiuwe KOHTaxTHbie narpy3t<n 
MewAy nnacTwpeM h wHcrpyMeHTOM a^« P* 3 " 
35 A3MH, £n* CHvixeHHft STMX narpysoK na eHyr- 
penHioKD nosepxHOCTb nnacTwpn h3hochtcj» 
btopmmho CMa30MHbm cnoti, KOTOpwvi cnyx<wT 
KBK Anfl chvmeHtifl ycunMOi, B03HWKatomHx npvi 
pa^A^^e nn3CTbip». Tax n Ann npeAOxpanenwa 

40 3TO* HOBepXHOCTM OT K0PpO3M0HHOf 0 p33PY' 

tueHu^ e npouecce 3KcnnyaTau*w. 

CoMeTaHne TepMvi^ecxo^i o6pa6oTKVi nna- 
cTWpeCi nocne ro4>pwpo fi 3 MMfl 11 HanftceHwe 
CMa30MHoro cnofl Ha BHyTpeHHio*o noBe^x- 
45 MOCTb nocne TepMimecxo^ o6pa6oTKM noaso- 
nflK)T nosHCMTb nnacrviHHoCTb MeTanna 
nnacTwp o6ecneMviTb GnaroAap^ 3ioMy na- 
Ae*HOCTo repMeTH3au^n peMOHT^pyeMO^ 

' CKB3XHHW. 

ct> ,o p m y n a m 3 o 6 p e 7 e h n » 



Cnoco6 M3roTOBneHM» ro^pwpoeaHHoro 
cTanbHoro nnacTwp«, npewMymeciBeHHO an* 
55 peMOHTa o6ca>xeHHoa CKBa^nHbi. BKnK)M3K)- 
muvi TepMOo6pafioTKy aaroToaxn. Hanecen^ie 
CMa30MHoro cnoa na BHyrpeHHKW nOBepxnocrb 
aaroTOBxn n ee ro^p^pOBanwe. o t n vt m a »o m m 
c a TeM. i rro, c uenbK) noewujeMHH naAe^HOCTu 
repMerrH3auvin o6ca>xeHHOCi cicenxuHw nyrew no- 
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BbiiueHvtH nnacrMHMocTi^ Meranna n/iecTMp*. ocymeCT8n«iOT noc/»e rotfrpMpoesMUfl. a 3©yeM 

TepMO06pft6OTKy TOKdMM OLJCOKO* MaCTOTW nOBTOpHO H8HOCHT CMa30Mr.b*tf C/lOM. 
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TOK3MW BWCO" 
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Eea repMoo6pa- 
6oticw 


1570 


1750 




2020 


C TepMOo6pa6oT- 


t350 


1660 




1966 


60TKM 


1570 


1750 


1350 


1750 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 



1749267 
2 



unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin- walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1 .5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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